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The relationship between short- and long-term interest rates — the yield curve or
term structure of interest rates — is a subject that many people are happy to ignore,
until the moment when they are saving for retirement and must choose between a
bond fund and a money market fund, or are borrowing to buy a house and must choose
between a fixed-rate or an adjustable-rate mortgage. At such times the term structure
of interest rates may become unexpectedly fascinating.

The yield curve is equally important for economic policymakers, but like private
individuals, they may neglect the subject until it forces itself on their attention. In
1994 the term structure moved to the center of debate on U.S. economic policy. The
Federal Reserve became intensely aware of the yield curve as initially modest increases
in short-term interest rates provoked unusually sharp responses in long bond yields.
Meanwhile, the U.S. Treasury began to shorten the maturity of the government debt
in the hope of lowering federal interest costs.

The academic literature on the term structure is enormous, and it continues to ex-
pand whether or not the subject is in fashion. Fortunately, the literature has improved
in quality in the 25 years since Ed Kane’s (1970) half-serious jibe: “It is generally
agreed that, ceteris paribus, the fertility of a field i1s roughly proportional to the quan-
tity of manure that has been dumped upon it in the recent past. By this standard, the
term structure of interest rates has become ... an extraordinarily fertile field indeed.”
I first summarize recent research on the term structure of interest rates and then relate

it to recent swings in the bond market and the government’s choice of debt maturity.!

Understanding the Term Structure

Bonds, or fixed-income securities, have traditionally been defined by the fact that
they make payments to investors that are fully specified in advance. Thus, to value a
bond one need not forecast random future payments but can simply discount known
payments to the present. This makes the bond pricing problem particularly clean and
attractive to economic theorists.?

In practice, of course, many bonds deviate from the theoretical ideal. Because
some issuers of bonds may default, the payments on their bonds are in fact random.
During the 1980s, this became particularly obvious with the failure of some Third

World countries to make scheduled interest payments on loans and with the develop-

ment of junk bonds, a class of securities with enough default risk to be intermediate
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between traditional bonds and equity. Some bonds may also have special provisions
that complicate their pricing. Callable bonds, for example, grant the borrower the
right to repurchase the bond at face value at a time of the borrower’s choosing; this
right can be thought of as an option which is given to the borrower at the time the
security is created. It has considerable value, so callable bonds cannot be priced as if

they were pure fixed-income securities.

Some basic concepts

U.S. Treasury securities approach the theoretical ideal most closely, since they have
negligible default risk and in recent years have had no call provisions.3 Accordingly the
remainder of this article concentrates on Treasury securities, which come in two main
varieties. Treasury bills promise to make a single payment, known as face value, at a
particular date in the future. This date is called the maturity date, and the length of
time to the maturity date is called the maturity of the bill. Bills always have a maturity
of one year or less. Fixed-income securities of this sort, which make a single payment
at a specified future date, are known as zero-coupon securities.

Treasury notes and bonds have maturities at issue greater than one year; they
promise a stream of small payments, known as coupons, every six months until the
maturity date, when a final coupon and a large final payment of face value are made.
These coupon-bearing securities can be thought of as packages of zero-coupon securities.
In recent years coupon-bearing securities have been “stripped” into simpler packages of
zero-coupon securities. A five-year Treasury note, for example, makes coupon payments
every six months for five years, when the face value also comes due. The note can be
divided up and sold as 10 separate zero-coupon bonds, one for each payment date, or
as a “strip” of coupon payments together with a zero-coupon security that pays the
face value of the note at maturity. As a result of this process, zero-coupon securities
with long maturities are now traded.

Even for the period predating strips, the prices of hypothetical zero-coupon secu-
rities can be estimated from the observed prices of coupon-bearing securities; in what
follows I shall use the zero-coupon price data of McCulloch and Kwon (1993}, which
are estimated using the methods of McCulloch (1971, 1975).

Since a zero-coupon bond makes a single known payment of face value at the
maturity date, an investor is assured of a known return over the life of the bond.

One measure of this return is the bond’s simple yield to maturity. For expositional
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convenience I shall assume at this stage that a time period is one year, and that the
simple yield to maturity is quoted at an annualized rate, like 0.07 or 7 percent. The
simple yield can be calculated easily enough: it is that discount rate which equates the
bond’s price to the present value of its final payment. For example, write the price at
time t of an m-year bond with a face value of $1 as P,,;. Then, the simple yield Yy,

satisfies

1

P _
mt (1+ Y™

(1)

I will use the term gross yield to mean one plus the simple yield. If the simple yield is
7 percent, then the gross yield 1s 1.07.

It is often more convenient to work with the continuously compounded, or log, yield
to maturity which is easily calculated as the natural log of the gross yield.? For realistic
vield levels, the difference between the simple yield and the continuously compounded
yield is small but not negligible: log(1.07) = 0.068, for example.

The continuously compounded yield on a bond has a straightforward relation to

the bond’s log price. By taking logs of equation (1).

o

Pmt = —MYmi, (

where py = log( Pt ) 1s the log bond price and y,¢ = log(1 + Yt ) 1s the continuously
compounded yield. For a bond with a face value of $1, the log of the bond price
is minus m times the continuously compounded yield. It follows that maturity m
measures the proportional change in the price of a zero-coupon bond when the bond’s
continuously compounded yield changes by one percentage point. A 5-year zero-coupon
bond will lose only 5 percent of its value when its continuously compounded yield rises
by 1 percentage point, whereas a 30-year zero-coupon bond will lose 30 percent of its
value.? The remainder of this article will work with continuously compounded zero-
coupon bond yields and will refer to them simply as “yields” .

If a bond is sold before it matures, an investor receives a holding-period return.
Unlike the yield to maturity, the holding-period return is not known in advance because

it depends on the uncertain price at which the bond can be sold. If the bond’s yield
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happens to remain unchanged over the holding period, then the holding-period return
equals the initial yield. If the bond’s yield rises during the holding period, however, the
holding-period return is less than the initial yield while if the yield falls the holding-
period return is greater than the initial yield.

To understand this, consider the case where a zero-coupon bond is held for one
year. Then, the log holding-period return is just the change in the bond’s log price
during that year. (For other holding periods, it is the change in the log price divided
by the number of years in the holding period to express the return at an annual rate.)
We can use equation (2) to rewrite this in terms of yields. Writing r,, ¢4+ for the log
one-year return on a bond purchased with maturity m in year ¢t and sold with remaining

maturity m — 1 in vear t + 1, we have

"mit+1 = Pm=1t+1l — Pmt = Ymt — (771_1)(y77l—1,t+1 — Ymt)- (3)

Thus, the log one-year return is the initial yield, minus the change in the vield during
the yvear the bond is held times the maturity of the bond when it is sold, m — 1. If no
change in yield occurs, then the initial yield is the same as the one-year return.

Equation (3) relates the one-year log bond return, the log bond yield today, and
the log bond yield at the end of the year. But of course the log bond yield at the end
of the year depends in the same way on the log bond return in the following year and
the log bond yield two years ahead. By repeatedly substituting out future bond yields,
one can show that the log bond yield i1s an unweighted average of one-year log returns
on the bond over the course of its life. When returns vary over time, the yield will not
generally equal any particular return in the average; this is another way to understand
the difference between yields and holding-period returns.

Yields and one-year returns on long-term bonds are often measured relative to the
yield on a one-year bond. (For a one-year bond only, the yield equals the one-year
return on the bond.) The difference between the long-term yield and the short yield is
known as the yield spread; the difference between the one-year return on a long bond
and the short yield is known as the excess return. Subtracting the one-year yield from
both sides of equation (3), it is easy to see that the excess return is just the yield spread

less (m — 1) times the change in the long bond yield.
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Yields can be summarized in a plot of yields to maturity against maturity for
different bonds on a given date. This plot is known as the yield curve. Figure 1
shows some representative postwar U.S. Treasury yield curves for different dates, taken
from McCulloch and Kwon (1993). The yield curve is normally upward-sloping, but it
can be downward-sloping (“inverted”), hump-shaped. or even trough-shaped (“inverted
hump-shaped”). Yield spreads, therefore, are normally positive but become negative
when the yield curve is inverted and may have mixed signs when the yield curve is
hump-shaped or inverted hump-shaped.

Over time, the short-term yields at the left of Figure 1 move more than the long-
term yields at the right of the figure. But long yields do vary, and as shown by equation
(3) small movements in long yields produce big changes in long bond prices and volatile
returns on long bonds. This is illustrated by Table 1, which reports unconditional sam-
ple means and standard deviations (in parentheses) for several term structure variables
over the period 1952-1991.

Table 1 uses monthly data, so the basic time unit is 1 month. All the relations
discussed above and expressed algebraically in equations (1), (2), and (3) continue to
hold with this change in the time unit, provided that one measures yields and returns
per month instead of per year. To keep the units in Table 1 familiar, however, the data
are measured in annualized percentage points; that is, the natural monthly variables
are multiplied by 1200.

The variable in the first row of Table 1 is the excess return on an m-month zero-
coupon bond held for one month, over a one-month Treasury bill. The mean excess
return is positive and rising with maturity at first, but it starts to fall at a maturity
of one year and is actually negative for 10-year zero-coupon bonds. This pattern may
seem surprising, since long bonds normally offer higher yields than one-month bills,
as shown by the positive mean yield spread in the third row of Table 1. One can
understand the pattern by breaking the excess return into its two components: the
yield spread between m-period and one-period bonds, and —(m — 1) times the change
in yield on the m-period bond. Bond yields rose during the sample period, as shown
by the positive mean yield change in the second row of Table 1, and this caused capital
losses on long zero-coupon bonds which outweighed the higher yields offered by these
bonds.

The standard deviation of excess long bond returns, shown in parentheses in the

first row of Table 1, rises rapidly with maturity even though the standard deviation of
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vield changes, shown in parentheses in the second row of Table 1, falls with maturity.
As one would expect from equation (3), the standard deviation of the excess return is
roughly (m — 1) times the standard deviation of the yield change.”

One other concept is useful in thinking about the term structure. If an investor can
freely buy and sell (take positive and negative positions in) bonds of different maturities,
then the investor can guarantee an interest rate on a fixed-income investment to be
made in the future.® To do this, the investor buys zero-coupon bonds maturing on the
desired maturity date, and sells zero-coupon bonds maturing on some earlier date at
which the investment is to commence. The sizes of the positive and negative positions
are chosen so that no net investment need be made today; when the negative position
matures the investor must pay the face value of the bonds in the negative position,
and when the positive position later matures, the investor gets back the face value of
the bonds in the positive position. The yield to maturity on this investment is called a
forward rate. As with yields, one can define a simple and a continuously compounded
forward rate. Here I work with the continuously compounded forward rate.

There is a different forward rate for every pair of maturity dates for the underlying
positive and negative bond positions; the instantaneous forward rate, the limit as the
two maturity dates approach one another, is of particular interest. The relation between
a yield to maturity and the instantaneous forward rate at that maturity is analogous to
the relation between marginal and average cost. The yield to maturity is the average
cost of borrowing for m periods, while the forward rate is the marginal cost of extending
the time period of the loan.? The yield to maturity can therefore be written as an
average of all the forward rates out to maturity m.

Figure 2 illustrates the relation between the instantaneous forward rate curve (the
dashed line) and the yield curve (the solid line). The forward rate curve lies above the
vield curve when the yield curve is upward-sloping, and below it when the yield curve
1s downward-sloping. The two curves cross when the yield curve is flat. These of course

are the standard properties of marginal and average cost curves.
The expectations hypothesis of the term structure

An investor who buys a zero-coupon bond knows with certainty that its price
at maturity will equal its face value. This means that any unexpected price change
that may occur in the near future must be compensated by opposite price changes in

the more distant future to bring the price back to face value on the maturity date.
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The variation in nominal returns on a given bond must therefore be negatively serially
correlated and hence forecastable. But this argument does not rule out the possibility
that ezcess returns on long bonds over short bonds might be unforecastable.

To illustrate this possibility, consider an investor who faces a 4 percent yield on a
one-year bond and a 7 percent yield on a 30-year bond. A naive investor might believe
that the 30-year bond is the superior investment because its yield is 3 percent higher.
But this ignores the fact that the 1-year yield is a known return over 1 year, while the
30-year yield is a known return over 30 years; the two cannot be directly compared
because they refer to different horizons.

A more sophisticated investor will recognize that if a bond is sold before it matures,
then the holding-period return may not equal initial yield to maturity. In our numerical
example, if the 30-year bond is sold after 1 year, it will have a 7 percent return and a
3 percent excess return only if its yield remains unchanged at 7 percent. Alternatively,
the 1-year return on the two bonds might be the same if the price of the 30-year bond
rises during the year by 4 percent instead of the 7 percent implied by its yield. This
smaller price increase will occur if the yield on the 30-year bond rises from 7 percent
to 7.1 percent.10

Similarly, over 30 years a strategy of rolling over 1-year bonds will have an average
return of 4 percent only if 1-year yields remain unchanged at 4 percent on average.
The sequence of 1-year bonds might deliver the same return as a single 30-year bond
if 1-year yields over the next 30 years average 7 percent. Since the first 1-year yield in
the average is only 4 percent, this requires that the remaining 29 1-year yields average
7.1 percent, slightly higher than today’s 7 percent 30-year yield and much higher than
today’s 4 percent 1-year yield.!!

The pure expectations hypothesis of the term structure is the theory that interest
rates are expected to move in exactly this way, to equalize expected returns on short-
and long-term investment strategies. The expectations hypothesis is the slightly weaker
proposition that the difference between the expected returns on short- and long-term
investment strategies is constant, although it need not be zero as required by the pure
hypothesis.]2 In the numerical example, the 30-year bond might have an average return
3 percentage points higher than the 1-year bond. In this case a 3 percent yield spread
would not require any expected change in interest rates, but a yield spread higher or
lower than 3 percent would be associated with expected interest rate movements.

To make these hypotheses testable one must state how expectations are formed; I
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shall assume that expectations are rational.l3 Both versions of the expectations hypoth-
esis then imply that excess returns on long bonds over short bonds are unforecastable,
with a zero mean in the case of the pure expectations hypothesis.

For either theory to hold, yields must tend to move through time to offset initial
vield differences across bonds. Thus both hypotheses have strong implications for
the relation between yield spreads and future movements in interest rates. The pure
expectations hypothesis says that whenever a long bond yield exceeds a short yield,
the yield on the long bond subsequently tends to rise over the life of the short bond:;
this generates expected capital losses on the long bond which offset the current yield
advantage. From equation (3) the one-period excess return on an m-period bond is
the yield spread less (m — 1) times the change in the yield on the long bond, so the
expected increase in the long yield must be exactly 1/(m — 1) times the current yield
spread.

The pure expectations hypothesis also says that whenever a long bond yield exceeds
a short yield, short yields tend to rise to equate returns over the life of the long bond;
the average short rate over the life of the long bond must equal the current yield on
the long bond, which requires that the difference between the average short rate over
the remaining m — 1 periods and the current short rate must be m/(m — 1) times the
current yield spread. The expectations hypothesis implies similar tendencies whenever
the spread between a long bond yield and a short bond yield is unusually high.

These theories have an implication that is counterintuitive for many of those study-
ing them for the first time. When long rates are unusually high relative to short rates,
long rates do not decline to restore the usual yield curve, as one might suppose. Instead
long rates tend to rise; the yield spread falls only because short rates rise even faster.

The pure expectations hypothesis also implies that instantaneous forward rates
equal expected future short rates; for the expectations hypothesis, the two are equal
after being adjusted by a constant. Thus, both theories imply that one can read

investors’ expectations about future interest rates off the forward rate curve.
Some empirical evidence

I now summarize the empirical evidence on the validity of these theories about the
term structure. First I ask whether the excess return on long bonds over short bonds
has a zero mean, as required by the pure expectations hypothesis. Then I ask whether

the deviation of the excess return from its mean is unforecastable, as required by both
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forms of the expectations hypothesis.

To answer the first question, whether excess long bond returns are zero on average,
recall that the first row of Table 1 shows the sample mean and standard deviation of
the excess monthly return on m-month zero-coupon bonds over one-month bills in
the period 1952-91. As I noted earlier, the sample mean excess return is positive and
rising with maturity at first, but around one year it begins to decline with maturity and
actually becomes negative for 10-year zero-coupon bonds. The precision with which the
sample mean estimates the true mean excess return depends on the standard deviation
of excess returns, which rises rapidly with maturity. The usual formula for the standard
error of the mean of a serially uncorrelated random variable is the variable’s standard
deviation divided by the square root of the sample size (469 months). For m = 2 this
standard error is only 0.03 percent, whereas for m = 120 it is 1.70 percent. Thus, the
pattern of mean returns is imprecisely estimated at long maturities. There is strong
evidence that lengthening bond maturity increases average returns at maturities of a
few months, but no clear evidence for higher or lower average returns at maturities
beyond a year or so.

To answer the second question, whether excess long bond returns vary predictably
through time, one can look at the relation between yield spreads and future interest rate
movements. If the expectations hypothesis holds, then excess returns on long bonds
over short bonds must be unforecastable over the life of the short bond, so high yield
spreads must be associated with rising long yields. The first row of Table 2 reports
the slope coeflicients (with standard errors underneath in parentheses) from a series
of regressions of long rate changes on a constant and the long-short yield spread. In
these regressions, the spread is scaled so that if the expectations hypothesis holds the
slope coefficient should be one. In fact all but one of the slope coefficients are negative;
all are significantly less than one, and some are significantly less than zero. When
the long-short yield spread is high, the long yield tends to fall, amplifying the yield
differential between long and short bonds, rather than rising to offset the yield spread
as required by the expectations hypothesis.14

This is exactly the behavior noted by Macaulay (1938), in a classic work on the
movements of asset prices in the late 19th and early 20th centuries. Macaulay wrote
(p. 33): “The yields of bonds of the highest grade should fall during a period in which
short-term rates are higher than the yields of the bonds and 7ise during a period in

which short-term rates are lower. Now experience is more nearly the opposite.” The
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fact that this finding appears in the late 20th century as well as in Macaulay’s data is
particularly impressive.

One difficulty with the regression in the first row of Table 2 is that it is extremely
sensitive to measurement error in the long-term interest rate (Stambaugh, 1988). Since
the long rate appears both in the regressor with a positive sign (as part of the yield
spread) and in the dependent variable with a negative sign (as part of the change in
the long yield), measurement error would tend to produce the negative signs found in
Table 2. However, Campbell and Shiller (1991) point out that this can be handled by
using instrumental variables regression where the instruments are correlated with the
yield spread but not with the bond yield measurement error. They try a variety of
instruments and find that the negative regression coefficients are quite robust.

The regressions estimated in the first row of Table 2 emphasize the short-run be-
havior of long-term interest rates. But the expectations hypothesis also restricts the
long-run behavior of short-term interest rates. If the expectations hypothesis holds,
then the excess return on a long bond over a sequence of short bonds must be unfore-
castable over the life of the long bond, so high yield spreads must be associated with
rising short-term interest rates. There is much more truth in this implication of the
expectations hypothesis.

The second row of Table 2 reports slope coefficients (with standard errors under-
neath in parentheses) for regressions of long-run changes in short-term interest rates
onto a constant and the yield spread. Again, the regression is scaled so that if the
expectations hypothesis holds, then the slope coefficient would be one.!® For small m
the coefficients are smaller than one but significantly positive; up to a year or so they
decline with m, becoming insignificantly different from zero. Beyond one year the coef-
ficients increase and at 10 years the coeflicient is even significantly greater than 1. Thus
the second row of Table 2 shows that yield spreads have forecasting power for short
rate movements at horizons of 2 or 3 months, and again at horizons of several years.
Around 1 year, however, yield spread variation seems almost unrelated to subsequent

movements 1n short rates.
Further interpretation

Table 2 seems self-contradictory. The results in the first row (that yield spreads
don’t forecast short-run changes in long yields) contradict the expectations hypothesis

of the term structure. Yet the results in the second row (that yield spreads do forecast
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long-run changes in short yields) offer some support for the expectations hypothesis,
at least at very short and very long maturities. What are we to make of these mixed
results?

To resolve this contradiction, recall that the yield spread equals the known return
to maturity on a long bond, less the known 1-period return on a short bond. If the yield
spread is high, then either the long bond must have a higher return over its life than
a series of short bonds, or short-term interest rates must rise over the life of the long
bond, or some combination of the two must occur. Rational expectations of returns and
interest rates must reflect this identity (as must any plausible expectations, whether
rational or not). Thus, a high yield spread must correspond to rational expectations
of high returns on long bonds, increases in interest rates, or some mixture of the two.
The expectations hypothesis says that investors never rationally expect unusually high
or low returns on long bonds, so that the yield spread reflects only rationally expected
movements in short rates. In this case, regressions of appropriately scaled changes in
long and short rates onto the yield spread will give a coefficient of one. In general,
however, the yield spread will reflect changing rational expectations of both excess
long-bond returns and future short-term interest rates.

In a regression of long rate changes onto the yield spread, changing rational ex-
pectations about excess long-bond returns act like measurement error that appears
positively in the regressor and negatively in the dependent variable; a small measure-
ment error of this sort can change the sign of the regression coefficient from positive to
negative.

In a regression of short rate changes onto the yield spread, however, changing
rational expectations about excess long-bond returns act like measurement error that
appears only in the regressor; this kind of measurement error biases the coefficient
down towards zero but does not change the sign of the coefficient.!6 The magnitude
of the bias depends on the relative variances of the two components of the spread.
For a given variance of rationally expected excess long-bond returns, there will be less
downward bias when the variance of rationally expected changes in short rates is large
- that is, when investors are well-informed about future movements in short rates.
Consistent with this story, Mankiw and Miron (1986) have pointed out that interest
rate movements were more predictable before the founding of the Federal Reserve in
1913 and the downward bias appears to be smaller in that period. Balduzzi, Bertola,
and Foresi (1993) and Rudebusch (1994) argue that contemporary Federal Reserve
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operating procedures lead to predictable interest rate movements in the very short run
and the very long run, but tend to smooth away predictable movements in the medium
run. This may explain why the coeflicients in the second row of Table 2 are smallest
at horizons around one year.

If there are periods when rationally expected returns are higher on long bonds
than on short bonds, why don’t investors buy long bonds and sell short bonds until
the difference in expected returns is eliminated? Two main explanations have been
suggested. First, it is possible that investors do not have rational expectations; they
do not perceive the profit opportunities that are documented in Table 2. Many of
the term structure models of the 1960’s, including the influential work of Meiselman
(1962), did not impose rational expectations and therefore allowed for the possibility
that systematic profit opportunities could exist. Froot (1989) uses survey data to argue
for this explanation.!?

Second, the predictable variation in excess returns shown in Table 2 can only be
exploited by taking on risk. A dynamic investment strategy that goes long when the
yield curve is steep and short when the yield curve is flat has historically produced
superior returns on average; but in any particular year it can lose money as Orange
County, California discovered most recently in 1994. It is possible that the superior
average returns of the dynamic investment strategy are simply compensation for its
risk; equivalently, it is possible that the yield spread signals higher long-bond excess
returns because long-bond risk is high when the yield spread is high. To make this
explanation complete, one must identify the underlying sources of variation in risk and
there is much work in the modern finance tradition that attempts to do this. Following
the seminal work of Cox, Ingersoll, and Ross (1985), for example, many authors have
developed term structure models in which interest rate volatility and required excess
bond returns move together; these models fit some aspects of the data but unfortunately

do not fully explain the observed predictable variation in expected excess returns.

Monetary Policy and the Bond Market in Spring 1994

The spring of 1994 was a dramatic time for the U.S. bond market. The Federal
Reserve had lowered short-term interest rates repeatedly in the period 1990-92 to com-
bat weakness in the economy and had held short rates down throughout 1993. But
in early February 1994 the Fed raised its target federal funds rate, the overnight rate
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paid by a bank that borrows reserves to a bank that lends them, from 3 percent to 3.25
percent. This move was rapidly followed by two more quarter-point increases in March
and April, and a half-point increase in May accompanied by a half-point increase in the
discount rate, the interest rate the Fed charges when it lends reserves to banks. Thus
in four months the federal funds rate — the interest rate at the extreme short end of the
yield curve — rose by about 1.25 percentage points. There have been several further
increases in the federal funds rate since then, but it is impossible to keep the discussion
entirely current and I will concentrate here on events through the end of May 1994.

Many commentators and market participants, not to mention the policy makers
at the Federal Reserve, were surprised by the effects of these policy changes on longer-
term bond yields. These effects are illustrated in Figure 3, which shows the average
zero-coupon yield curves in five different periods in early 1994. The solid line is the
average yield curve from January 1 to February 3, the period before the first short-
rate increase. At that time the federal funds rate was about 3 percent, the 6-month
zero-coupon yield was under 3.5 percent, the 5-year zero-coupon yield was just over
5 percent, the 10-year yield was almost 6 percent, and the 30-year yield was almost
6.5 percent. This represents a steep yield curve by historical standards: The spread
between the 10-year zero-coupon yield and the short rate was about 3 percent, more
than twice the average for the period 1952-91 shown in Table 1. The long-dashed line
shows the average yield curve from February 4 to March 21, the period after the first
short-rate increase and before the second increase; the dotted-dashed line shows March
22 to April 15, the period between the second and third increases; the short-dashed
line shows April 18 to May 16, the period between the third and fourth increases; and
the dotted line shows May 17 to May 24, the brief period between the last short-rate
increase and the end of the data. Figure 4 is constructed in the same manner as Figure
3, but it shows implied instantaneous forward rate curves rather than zero-coupon vield
curves.!8

To understand why the behavior of the bond market was surprising, recall that
normally long yields are less variable than short rates. An increase in the short rate is
typically associated with a smaller increase in the long rate. In spring 1994, however,
the first Fed policy move drove up the federal funds rate by a quarter of a percentage
point but the 6-month, 5-year, and 10-year yields each rose by half a point and the
30-year yield rose by about a quarter point. The response to the second policy move

was similar. From January to early April, then, the short and long ends of the yield
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curve both rose by half a percentage point while the middle of the yield curve rose by
a full percentage point.

Later in the spring of 1994, the bond market reacted less violently to the Fed’s
policy moves. The third short-rate increase in April had only a small effect on the
30-year zero-coupon yield and it raised the 6-month, 1-year, and 5-year yields about
one-for-one. It had little effect on forward rates. The fourth short-rate increase in
May was followed by small decreases in zero-coupon yields of all maturities, and large
declines in forward rates.

How can we understand these shifts in the yield curve? One interpretation empha-
sizes the changing expectations of bond market participants about the future path of
interest rates. During the early 1990s, the Federal Reserve under Chairman Greenspan
established a reputation for gradualism, lowering short rates repeatedly in quarter-
point steps. Hence, the first rise in the federal funds rate in February led investors
to expect further moves in the same direction. They increased their expectations of
future short rates, reflected in forward rates, by more than 25 basis points; this made
the yield curve steeper. According to this view, the rapid series of rate increases in
March, April, and May simply shows that investors were well-informed about the likely
course of Fed policy (although not perfectly informed, since forward rates continued to
respond to all the Fed’s actions except that in April).

The problem with this view is that forward rates rose not only at maturities of
a few months but at 5- and 10-year maturities as well. If investors interpreted the
Fed’s actions as revealing a stronger distaste for inflation, they should have revised
downwards their expectations of future inflation. Given stable expectations of future
real interest rates, this should have driven 5- and 10-year nominal forward rates down
rather than up.!9 It is possible that investors instead believed that the Fed acted in re-
sponse to private information about incipient inflation, but if the Fed’s anti-inflationary
actions were at all credible they should have forestalled increases in investors’ inflation
expectations 5 or 10 years ahead.

An alternative view is that the increases in 5- and 10-year zero-coupon bond yields
were driven in part by increases in required excess returns on long bonds. Required
excess returns may have gone up because of increases in risk, manifested in greater
bond-market volatility but attributable ultimately to uncertainty about Fed policy, or
because losses incurred by highly leveraged bond traders increased the effective risk-

aversion of some market participants. One piece of evidence which supports this view
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is that 5- and 10-year forward rates dropped by almost a full percentage point after the
Fed policy move in mid-May. That move was accompanied by an unusual Fed press
release announcing the Fed’s belief that further policy moves would be unnecessary 1n
the short term.

Under the expectations view, a policy move that does not change expected future
interest rates should not move forward rates, whereas under the required-returns view,
forward rates may decline if the move reduces uncertainty about future policy. It is
striking that by the end of May, 5- and 10-year forward rates had nearly returned to
their level in January (they were within 30 basis points). While it is possible that this
reflects an upward shift in expected future rates followed by an equally large downward
shift, it seems more likely that bond yields were affected by a temporary change in
required excess bond returns. This story is consistent with the evidence against the

expectations hypothesis of the term structure presented earlier.

Should the Government Borrow Short or Long?

Growth in U.S. government debt over the past 15 years has helped to revive an
old debate over the best way for the government to manage its liabilities. Federal debt
held by the public reached a postwar low of less than 30 percent of GDP in the late
1970s but has now reached 55 percent of GDP and is forecast to be 70 percent of GDP
by the end of the century. Federal interest outlays have grown accordingly; they were
just over 1 percent of GDP in the 1970s but now exceed 3 percent of GDP and may
reach 4 percent of GDP by the end of the century (Congressional Budget Office, 1993).
These interest outlays roughly equal the entire federal budget deficit.

In early 1993, the Clinton administration argued that significant reductions in
interest costs could be achieved by shortening the average maturity of debt securities.
The administration estimated over $10 billion in cumulative savings over the period
1994-1998 (Office of Management and Budget, 1993). A few months later, the Treasury
announced that it would shift more than $50 billion a year of new issues from longer-
to shorter-term maturities by reducing the issue of 30-year bonds and eliminating the
issue of 7-year notes, replacing these securities with 2- and 3-year notes and Treasury
bills. This is a striking shift in policy; since the late 1970s, the Treasury had gradually
increased the average maturity of the debt from three to six years, but this trend will

now be reversed. However, the average maturity of the debt is forecast to fall only to
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about five years by 1998.

The summary statistics about the term structure presented earlier can help to
answer whether going short is likely to reduce average interest costs, whether it will
increase the risks of financing the debt, and more generally how one should think about

the choice of a debt management policy.
Is short borrowing cheap?

Table 1 shows that over the period 1952-91 the average monthly holding-period
return on 12-month Treasury bills exceeded the average return on 1-month bills by
about 0.9 percent, but longer-term zero-coupon bonds offered lower returns. This
suggests that shortening the maturity of Treasury bills reduces average interest costs,
but shortening the maturity of long-term debt increases average interest costs. Many
commentators, however, do not rely on historical average returns but instead look at
historical average vield spreads. Table 1 shows that in 1952-91 ten-year zero-coupon
bond yields were on average about 0.6 percent above one-year yields. This suggests
modest savings from shortening the average maturity of long-term government debt.

Which is the best number to use: the average return or the average yield spread?
If one assumes that the long-run average change in the short rate is zero, so that there
is no long-run tendency for interest rates to drift up or down, then these two numbers
should be equal in the long run. But in an unusual sample period where investors are
surprised by interest rate increases, the sample average excess return on long bonds
will be below its true long-run mean. Similarly, in an unusual period where interest
rate increases are expected to occur, the sample average yield spread will reflect these
increases and will be above its true long-run mean. It seems plausible that the period
1952-91 satisfies both these conditions: that is, investors expected interest rates to
rise, but the rise was greater than expected. In such a period, the sample average
yield spread is an upward-biased measure of the interest savings that can be achieved
by shortening the debt, and the average excess long bond return is a downward-biased
measure. Overall, the postwar U.S. data do not speak clearly. The government might be
able to reduce average interest costs with extremely short-term Treasury bill financing,
but there is no strong evidence that the government can cut costs by shortening the
maturity of its longer-term debt.20

Even if there is little to be gained from permanently shortening the maturity of

the public debt, the Treasury might save by shortening debt maturity when the yield
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curve is particularly steep (as it has been in the early 1990s) and lengthening maturity
when the yield curve is flat or inverted (as it was in the early 1980s). The evidence of
Table 2 is that yield spreads do forecast excess returns on long-term bonds. This means
that a naive investor who goes long when long bond yields are relatively high (thus
ignoring the difference between yields and holding returns) does in fact earn higher
average returns. Similarly, the Treasury can reduce the average cost of its debt by
going short when the yield curve is steep and long when the yield curve is flat.

A government may also be able to use debt management to reduce interest costs in
circumstances where it has superior information about the likely future path of interest
rates. In the early 1980s in Britain, for example, the Conservative government of
Margaret Thatcher faced extremely high short- and long-term nominal interest rates.
As in the United States at that time, inflation had risen during the 1970s and long
bond yields reflected investors’ fears that inflation would continue. Anti-inflationary
monetary policy had also driven up short rates. The Thatcher government introduced
index-linked bonds, whose nominal coupon payments and face value automatically
increase with the price level; these bonds were at first issued in limited quantities but
now account for over 10 percent of the British government debt (Brown and Schaefer,
1994). One rationale for this policy was that the government felt more confident about
1its anti-inflationary resolve than investors did. Rather than pay an inflation premium
in long-term nominal debt, the government offered inflation protection to investors.
This policy reduced the British government’s interest costs during the 1980s; long-
term nominal bonds gave investors very high returns for most of the decade as inflation
and nominal interest rates fell, while index-linked bonds offered mediocre returns as

real interest rates increased.
Is short borrowing risky?

Opponents of short-term borrowing often argue that it would increase the risks of
debt management. While short-term borrowing might be cheaper on average, it would
be expensive when short-term nominal interest rates are high. Since long-term bond
yields are more stable than short-term yields, the argument runs, long-term borrowing
is less risky for the government.?!

There are two problems with this argument. First, it confuses bond yields with
bond returns. To measure the risks of an investment or debt management policy,

one should look at the returns on the policy measured over some uniform horizon.
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Short rates equal short-bond returns at short horizons, and long yields equal long-bond
returns at long horizons, so they are not directly comparable. Second, the argument
confuses nominal returns with real returns — the latter, presumably, being of primary
concern to the government. In nominal terms the volatility of returns depends on the
horizon, with short bonds offering known returns at short horizons and long bonds
offering known returns at long horizons. But in real terms, it turns out that long-bond
returns are more volatile than short-bond returns at all horizons.

To understand the point intuitively, consider what happens to the government’s
financial position if its debt is financed long and there is a permanent increase in the
inflation rate. The government’s future nominal liabilities do not change, but inflation
now erodes the real value of the government’s fixed nominal payments more rapidly
so the government’s financial position is improved. This is reflected immediately in a
decline in the market value of the government debt. Conversely, if inflation falls the
real market value of the government debt rises. Thus the government is exposed to
the risk that inflation will change. If the government has issued short-term debt, on
the other hand, an increase in inflation drives up the government’s nominal interest
cost; this roughly offsets the faster erosion of the nominal debt by inflation, leaving the
government’s real position unaffected. The difficulty with popular discussion is that it
usually concentrates on nominal interest costs, ignoring the important role of inflation
and the distinction between real and nominal returns.

While the risks of short-term borrowing are commonly exaggerated, several caveats
are worth noting. First, standard deviation is in general an inadequate measure of risk;
a more satisfactory analysis would measure risk within the context of an asset pricing
model. Second, changes in nominal interest costs may have political effects even if
real interest costs are constant. Standard budget deficit figures do not correct for the
effects of inflation, and these figures are important in public perception and political
arrangements such as the 1990 budget agreement. Third, if the government wishes
to limit the variability of real returns on its debt over long horizons, it can do so
most effectively with long-term indexed bonds of the type issued in Britain. Such
bonds guarantee investors a fixed long-run real rate of return regardless of variations

in inflation and short-term real interest rates.
Other considerations in the conduct of debt management

The term-structure literature is useful in judging the effects of debt management

~18 -



on interest costs, but the choice of a debt management policy involves some broader
issues. From the beginning it is important to keep in mind that there are circumstances
under which debt management policy does not matter at all. This apparently startling
idea is easiest to grasp if one thinks about the analogy between the government and
a corporation. Economists are used to the Modighani-Miller theorem, the proposition
that a firm’s investment policy determines its value regardless of its financial policy.
The value of a firm is the value of the firm’s cash flows in each state multiplied by
the state price for that state; thus corporate financial policy cannot affect value if
cash flows and state prices are fixed. The Modigliani-Miller theorem breaks down if
financial policy affects cash flows in some states (because of taxes or bankruptcy costs)
or if it affects state prices (because markets are incomplete or investors have imperfect
information).

The analogous irrelevance theorem for the government says that debt management
policy has no real cffects, given spending policy, if markets are complete and the gov-
ernment can levy nondistortionary taxes. In this case, a debt management policy that
results in losses for the government in a particular state need not change private-sector
consumption in that state. The government can satisfy its budget constraint by raising
nondistortionary taxes when it suffers losses, and the private sector can pay the taxes
from the proceeds of its bond holdings. In this situation. average interest costs and the
variability of interest costs across states are of no real importance,??

These conditions for irrelevance of debt management policy - particularly the
requirement that nondistortionary taxes are available - are too stringent to be realistic,
Accordingly a number of authors have explored debt management policy in models
where it may matter. One line of argument, initiated by Barro (1979) and continued
by Bohn (1988, 1990), is that debt should be used to equate the marginal welfare
cost of distortionary taxation across states. In this type of model, one can think of
the government’s optimal debt management policy as minimizing average risk-adjusted
interest costs. The evidence from the term-structure literature 1s a necessary input to
this process.

The term-structure literature, however, takes the historical behavior of interest
rates as given and does not ask how debt management policy might affect interest rates.
Some authors have alleged that shifts in relative supplies of short- and long-term bonds
have large effects on their yields and expected returns (Agell, Persson, and Friedman,

1992). The evidence for the supply effect is mixed, but if it is important then any
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large-scale attempt by the Treasury to save money by changing debt maturity would
tend to be self-defeating. If the Treasury shifted to short-term financing, for example,
the greater supply of Treasury bills would drive down the price of bills and reduce or
eliminate the sought-after savings.

Other authors emphasize that debt-management policy can change nominal in-
terest rates by changing the expectations of investors regarding inflation (for a recent
discussion see Missale and Blanchard, 1994). Governments with long-term nominal
debt have an incentive to inflate to erode the real value of their obligations. Under-
standing this, investors may expect higher inflation when debt is long-term and nominal
than when it is short-term or indexed. This argument has its limitations. It assumes
that a single authority sets both fiscal and monetary policy, or at least that fiscal
considerations influence the monetary authority; and it ignores the fact that holders
of long-term nominal bonds may exert anti-inflationary pressure within a democratic
political system. However, to the extent that this view holds true, it would imply that
the British government’s use of indexed debt in the early 1980s not only reduced the
government’s costs as interest rates fell; it actually helped to reduce interest rates by
increasing the credibility of the government’s anti-inflationary policy.

This brief review suggests that shortening the maturity of the government debt,
or issuing indexed debt, has several potential advantages. First, the government can
reduce its average interest costs if it shortens maturity when the yield curve is steep (as
it has been in the early 1990s). Second, shortening maturity or issuing indexed debt
reduces the variability of the real returns on government debt, and therefore reduces
the variability of the government’s real financing costs. Finally, shortening maturity or
issuing indexed debt may lower inflationary expectations if it improves the credibility

of anti-inflationary monetary policy.

I am grateful to Sydney Ludvigson and Chunsheng Zhou for able research assis-
tance, and to Glenn Rudebusch, David Wilcoz, David Zervos, and the editors of the

Journal of Economic Perspectives for many helpful comments.
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Table 1

Means and standard deviations
of term structure variables

Long bond maturity (months)
Variable 2 3 6 12 24 48 120

Excess | 0.379 0.553 0.829 0.862 0.621 0475 -0.234
return | (0.640) (1.219) (2.950) (6.203) (11.29) (19.32) (36.77)

Changein | 0.014 0.014 0.014 0014 0014 0014 0.013
yield (0.591) (0.575) (0.569) (0.546) (0.486) (0.408) (0.307)

Yield 0.196 0.324 0569 0.761 0.948 1.141 1.358
spread | (0.210) (0.301) (0.437) (0.594) (0.799) (1.013) (1.234)

Source: Author’s calculations using estimated monthly zero-coupon yields, 1952-
91, from McCulloch and Kwon (1993). The data are measured monthly, but expressed
in annualized percentage points. Each row shows the mean of the variable, with the
standard deviation below in parentheses. Excess returns and yield spreads are measured
relative to 1-month Treasury bill rates.



Table 2

Regression coefficients

Dependent Long bond maturity (months)
variable 2 3 6 12 24 48 120
Short-run

changes 0.019 -0.135 -0.842 -1.443 -1.432 -2.222 -4.102

in long (0.194) (0.285) (0.444) (0.598) (0.996) (1.451) (2.083)
yields

Long-run
changes 0.510 0473 0.301 0.253 0.341 0.435 1.311

in short | (0.097) (0.149) (0.147) (0.210) (0.221) (0.398) (0.120)
yields

Source: Author’s calculations using estimated monthly zero- coupon yields, 1952-
91, from McCulloch and Kwon (1993). Each row shows a regression coefficient 5,
with the standard error below in parentheses. Each coeflicient should be one if the
expectations hypothesis holds. The regression in the first row is

Ym—14+1 — Ymt = o + Byme —y11)/(m — 1),

where m 1s long bond maturity in months. The regression in the second row is
doviei/(m=1 =y = a + B(m=1)/m)(ym — y1r).

The standard error in the second row is corrected for serial correlation in the error
term of the regression.



Notes

1. Melino (1988) and Shiller (1990) are excellent recent surveys of the academic
literature. Campbell, Lo, and MacKinlay (1995, chapters 10 and 11) offer a graduate-

level textbook treatment.

2. Actually, theorists often model the prices of real bonds which make known
real payments, whereas almost all traded bonds make known nominal and random real
payments. This is an important difference; after all, one can always define a numeraire
such that any asset’s payments are known in advance when they are measured in
that numeraire. I shall return to the distinction between real and nominal bonds in

discussing the government’s choice of debt maturity.
g g y

3. Some Treasury bonds issued before 1985 are callable in the last five years before

maturity.

4. In equation (1), interest is compounded once a year. If we calculate a yield
Yn nt on an m-year bond assuming that interest is compounded n times a year, we
get Py = 1/(1 + Yo nt/n)™". The limit of Yy, 54 as n increases is the continuously

compounded or log yield ;.

5. This result does not apply directly to coupon-bearing Treasury bonds. An
approximate equivalent of maturity for coupon-bearing bonds is Macaulay’s (1938)
concept of duration. Duration is the weighted average maturity of the zero-coupon
bonds that are packaged together to make a coupon-bearing bond, where the present
values of each payment in the package (evaluated using the yield to maturity on the
coupon-bearing bond) are the weights. A 30-year Treasury bond with an annual coupon
rate of 7 percent and a yield to maturity of 7 percent has a duration of just over 13
years. Such a bond will lose 13z percent of its value when its yield rises by z percentage
points, for small z. Campbell, Lo, and MacKinlay (1995, chapter 10), Shiller (1990),
and Shiller, Campbell, and Schoenholtz (1983) give more details on duration.

6. This approach, which is common in the empirical literature, sidesteps various
difficulties to do with Jensen’s Inequality. For a discussion of Jensen’s Inequality effects

see Cox, Ingersoll, and Ross (1981) and Campbell (1986).



7. This is not an exact equality because the yield change reported is Y, t41 — ymt
rather than y,,_1 441 — ym¢, and because variations in the yield spread also contribute

to variations in excess returns.

8. Positive and negative investments are normally known as long and short posi-

tions; I avoid this terminology here to avoid confusion with long and short maturities.

9. One can show that the m-period-ahead instantaneous forward rate fi;; is the

m-period zero-coupon yield plus m times the slope of the yield curve at maturity m:

fmt = ymt + mOymy /Om.

10. The return on the 30-year bond over 1 year is 30y39.+ — 29y29 ++1. This equals
0.04 if y30, = 0.07 and yag 441 = 0.071.

11. The calculation is 30 x 0.07 = 0.04 + (29 x 0.071).

12. This terminology is due to Lutz (1940). Hicks (1939) argued that long bonds
should have higher average returns than short bonds because borrowers prefer long-term
loans while lenders prefer short-term ones. Modigliani and Sutch (1967) generalized
Hicks’ “liquidity preference” theory to allow for any pattern of “preferred habitats”
among borrowers and lenders, and thus any pattern of average bond returns with ma-
turity. These authors challenged the pure expectations hypothesis, but not necessarily

the expectations hypothesis.

13. This follows standard modern practice, although Froot (1989) argues that the
expectations hypothesis fits the data better if expectations are taken from surveys.
Melino (1988) emphasizes that the use of rational expectations has greatly clarified the

previously confused literature on the expectations hypothesis of the term structure.

14. The regression estimated in the first row of Table 2 is y_j 141 — ymt =
a+B(ymt —y1¢)/(m~—1). This contains the same information as a regression of the excess
one-month return on a long bond onto the yield spread. The excess return regression
would have a coefficient equal to one minus the coeflicient reported in Table 2. Thus the
estimates significantly less than one in the first row of Table 2 correspond to a significant
positive relationship between yield spreads and excess returns on long bonds. Campbell

and Ammer (1993), Fama and French (1989), and Keim and Stambaugh (1986) show



that yield spreads help to forecast excess returns on bonds as well as on other long-
term assets. Campbell and Shiller (1991) and Shiller, Campbell, and Schoenholtz
(1983) show that yield spreads tend to forecast declines in long bond yields.

15. The regression estimated in the second row of Table 2 is 21";_11 Y1 44/ (m —
1) =yt = a+ B((m — 1)/m)(ymt — y1z)- The standard error for the coefficient 3 is
corrected for serial correlation in the error term. This regression contains the same
information as a regression of {1/m) times the excess m-period return on an m-period
bond onto the yield spread. The excess return regression would have a slope coefficient
equal to one minus the coefficient reported in Table 2. Thus Table 2 implies that yield
spreads forecast excess returns out to horizons of several years, but the forecasting
power diminishes towards 10 years. Fama (1984) and Shiller, Campbell, and Schoen-
holtz (1983) report results of this type at the short end of the term structure, while
Fama and Bliss (1987) extend it to the long end. Campbell and Shiller (1991) provide

a comprehensive review.

16. This statement assumes that expected excess long-bond returns are not strongly
negatively correlated with expected changes in short rates. Strong negative correlation
between the two components of the spread could make the regression coefficient larger

than one or in an extreme case could make it negative.

17. If irrational expectations are responsible for the results in Table 2, then one
would expect the phenomenon to disappear in the long run - although the long run
may come slowly if investors are slow learners. An argument that combines features
of both the first and second explanations is that some investors (“noise traders”) may
have irrational expectations which influence market prices because rational investors

are risk averse.

18. Both Figures 3 and 4 are based on data provided by the Federal Reserve
Board. The Board estimates implied zero-coupon yields from coupon bond prices
using methods described by Fisher, Nychka, and Zervos (1994). Forward rates are not
shown past a maturity of 15 years because the estimates become very imprecise at long

maturities.

19. Campbell and Ammer (1993) and Mishkin (1990a,b) emphasize that long-term

bond yields vary primarily in response to changing expected inflation.
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20. At first glance, it might appear that the mean yield spread can be estimated
much more precisely than the mean excess bond return, because the yield spread has
a much smaller standard deviation than the excess return. But the apparent difference
in precision disappears once one accounts for the fact that serial correlation in the
yield spread increases uncertainty about its mean. Neither mean is estimated precisely
enough in 1952-91 to identify any savings from altering debt maturities beyond one year.
Of course, sample means in shorter periods are even less reliable. Some proponents of
short-term borrowing look at the period since 1980, when average yield spreads and
excess long-bond returns have been particularly large: for 10-year zero-coupon bonds,
the yield spread has averaged almost 2 percent, while the excess return has averaged
almost 4.5 percent. In the 1980s, the Treasury would have realized enormous savings

by borrowing short, but this is not at all a reliable guide to the future.

21. Even the Congressional Budget Office (1993), in a detailed and otherwise in-
telligent report on debt management, endorses this view. A variant of the argument
stresses the possibility of a financial crisis in which short-term debt could not be re-
financed at any price. If this is a serious concern, the government can handle it as

private borrowers do, by issuing floating-rate debt.

22. Sill (1994) is an accessible introduction to the irrelevance theorem with a

numerical example. Sill also discusses optimal debt management more generally.
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FIGURE 1: Zero—Coupon Yield Curves
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FIGURE 2: Zero—Coupan Yield and Forward Rate Curves 1/1987
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FIGURE 3: Zero—Coupon Yield Curves in Spring 1994
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FIGURE 4: Forward Rate Curves in Spring 1994
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